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(57) Abstract: A method for preparing a mcnstuie-coFable, virtually telechelic, silyl-fnnctiona] polyisolratylene is disclosed, said 
method comprising reacting, in die piesence of a Lewis acid, (A) isobutylene; (B) an initiator of formula (i); and (Q a styryl 
comonomer of formula (viii) wheieiii R is selected from H or methyl group, R* is a divalent non-aromatic hydrocarbon group having 
I to 6 carbon atoms, R" is independenly selected ftom alkyl groups having I to 10 carbon atoms or aryl groups having 6 to 10 
caxbon ato ms. R"* is a divalent non-aromatic.hydrocarbon group having 2 to 6 carbon atoms,.Xis.independently a halogen-group, 
Y is halogen and n is independently 1, 2 or 3. 
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VirtuaUy Telechelic Silyl-Functional Polyisobutylene 

FIELD OFTHE DfVENTION 
The presenl invention relates to a method for preparing a room teaq>erature 
5 vulcanizabie polyisobutylene polymer. More particularly, the invention relates to a method 
for synthesizing a polyisobutylene having hydrolyzable silyl-fimctional groups positioned at 
or near molecular chain ends, said polymer being prepared by a living polymerization v^erein 
isobutylene, a silyl-fimctional cationic initiator and a silyl-functional comonomer are reacted 
in the presence of a Lewis acid 
10 BACKGROUND OF THE INVENTION 

Living anionic polymers are well known m the art but truly living cationic systems 
have only be^ developed more recently. By definition* termination and chain transfer rates 
are zero* or negligible, in such a living polymer so that tibe concentration of active centers 
remains appioximately constant Of particular commercial mterest are living organic 
1 S polymers vMch can be used to prepare telechelic oligomers and macromolecules having 
hydrolyzable silyl end groups since these can be used to formulate room temperature 
vulcanizabie (RTV), moisture-curable sealants, caulks and adhesives, inter alia. Unlike the 
v^ll known moistuie^urable silicone RTVs, compositions based on polymers having a 
hydrocarbon backbone offer the advantage of low permeability, making them more suitable 
20 for gas barrier applications such as form-in-place gaskets, O-rings, rubber plugs/seals, and the 
like. 

United States Patent No. 4,829,130 to Licchelli et al. discloses a method for preparing 
silylated copolymers of isobutylene which are crosslinkable upon exposure to moisture. In 
this case, isobutylene is copolymerized with a comonomer having a vinylic group attached to 
2^. a silylalkyl group through a benzene ring connecting group. The product of this 

copolymerization is a polyisobutylene (PIB) having pendant silyl-fimctional groups along its 
main chain. 

Likewise, United States Patent No. 4,524,187 to Greco et al. teaches crosslinkable 
polyisobutylene copolymers having pendant ^yl functionality which is reactive with 
30 moisture. In this case, isobutylene is first reacted with a trieae compound to form a 
copolymer havmg pendant vinyl groups, the latter tiiien bemg silylated with a moisture- 
reactive hydridosilane or mercapto-functional silane. 
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Polymers having reactive silyl head groups were described by Kemiedy et al. in 
Advances in Polymer Science, 43, 1-50 (1982). These workers discovered that initiators 
which included an SiCl or SiH group as well as a cationogenic moiety could be used to 
polymerize cationic systems such that tfie silicon*fuDctional groups survived The 
cationogenic moiety studied was the benzyl chloride group (ie.» 
^5H4-CH2C1) wherein a-metiiylstyiene was polymerized in the presence of diethyl 
aluminum chloride as coinitiator. In this case, however, it was observed tiiat die amount of-* 
SiCl detected was only a small fraction of the thecketical, especially v\dien more than one 
chlorine was present in the head group. Further, although these workers suggest that the SiCl 
groups may survive polymerization of isobutylene, they did not obtain quantitative 
confirmation thereof and did not demonstrate the new initiators in comection with this 
monomer. Thus, Kennedy et al. then turned to the investigation of systems having SiH 
terminal groups, such polymers being considered more promising intermediates which 
presented fewer experimental difficulties. 

In copending U.S. Application Serial No. 292,333 filed on April 15, 1999, we 
disclose the use of a novel class of compounds which, unlike the initiators taught by Kennedy 
et al., cited supra, can initiate cationic polymerization in a controlled manner to provide a 
living polymer having a silicon halide head group. This living polymer is prepared by 
reacting at least one cationically polymerizable monomer with the novel initiator, fiirther 
described infra, in the presence of a Lewis acid. According to the above disclosure, the livii^ 
cationic polymer may be fiirther reacted with a coupling agent to provide a silyl-fimctional 
telechelic polymer. However, this method requires an exact stoichiometric amount of the 

r 

coupling agent with respect to the living polymer chain, this often being difScuIt in large 
scale operations. Furflier, this metiiod is relatively complicated and there is still a need for 
simpler means of synthesizing silyl-functional telechelic hydrocarbon polymers which can be 
readily cured by exposure to moisture. 

SUMMARY OF im im^NTION 

It has now been discovered that a virtually telechelic, silyl-functional polyisobutylene 
can be prepared by reacting isobutylene, the above mentioned novel initiator, and a silyl- 
frinctional styryl comonomer in the presence of a Lewis acid 

The present invention, therefore, relates to a method comprising reacting, in the 
presence of a Lewis acid. 
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(A) isobutylene; 

(B) an initiator of the formula 

;and 

(C) a styryl comonomer of the formula 





vdierein R is selected from H or methyl group, R' is a divalent non-aromatic hydrocarbon 
group having 1 to 6 carbon atoms, R" is independently selected fix>m al^ 
10 carbon atoms or aryl groins having 6 to 10 carbon atoms, R'" is a divalent non-aromatic 
hydrocarbon group having 2 to 6 carbon atoms, X is independently a halogen group, Y is 

10 halogenandnisindependently l,2or3. 

The invention further relates to the virtually telechelic sil3d-functional polymer 
prepared by the above method. 

DETAILED DESCRIPTION OF THE INVENTION 
Component (A) of the present invention is a monomer consisting essentially of 

1 5 isobutylene and may be either a substantially pure isobutylene (IB) monomer or a mixture of 
isobutylene with up to 20 mole percent of at least one monomer selected jfrom l-butene, 2- 
bxitene, isoprene, styrene, a-methylstyrene or p-methylstyrene. These mixtures having a minor 
proportion of the above mentioned monomers are also referred to as "isobutylene" for the 
purposes herein. Preferably, component (A) is substantially pure (i.e., distilled) IB. 

20 The reactive silyl-functional initiator (B) of the present invention is represented by the 

formula 




(i) 

wherem R is selected fiom H or methyl group, R is a divalent non-aromatic hydrocarbon 
group having 1 to 6 carbon atoms, R** is selected fix)m alkyl groups having 1 to 10 carbon 
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10 



atoms or aryl gmvfps having 6 to 10 caibon atoms, X is halogen, Y is halogen and n is 1, 2 or 
3. Specific examples of R" inchide methyl, ethyl, propyl, isoiropyl, n-bu^ isobutyl, n-ocQrl, 
2-ethylhexyl, n-nonyl, n-decyl, phenyl and tolyl, methyl being preferred. The gioiip R' is 
exemplified by -CHj-, -CBj"^-* -CHjCHjCHj-, -CH2-C(Me)2- and 
5 -CH2=CH2-, and is preferably -CH2CH<MeK wherein Me hereinafter represents a methyl 
groiq>. Specific examples of X and Y are fluorine, chlorine, bromine and iodine. Further, the 
moieties attached to the benzene ring of formula (i) may be in ortho, meta or para positions 
with respect to one another, die latter two isomers being preferred. Preferably, X and Y are 
chlorine and n is 2 or 3. 

hi a highly preferred embodiment of the mstant method, the initiator has the formula 



15 



CI: 




(ii) 



vt^ereinnis2or3. 

The initiators of the present invention can be prepared by first carrying out a 
hydrosilation reaction between a dialfcenyl benzene species (or an aUcenyl-allqaiyl benzene 
species) and a halosilan^ as illiistrated fadowfor a preferred system wherein R' is - 
CH2CH(Me)- : 



20 




3hi 



C=CH2 



Me 



X„— Sj— CHf— CH 



3-11 . 

+ HSi-X„ c 
(iv) 



R 




C=CHj 



4 
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in which R, R", X and n are as defined above in connection with formula (i). hi the above 
hydrosilation reaction, the molar ratio of component (iii) to component (iv) can be 0.3:1 to 
10:1 but is preferably more than 1:1. More preferably, the ratio is 1:1 to 3:L After the 
hydrosilation reaction, isolation of the desired product (v) by a suitable metibod, such as 

5 fractional distillation, is recommended. In this case, itishighly preferred tiiat a radical 
scavenger, such as phenothiazme, be added to the mixture to prevent polymerization of the 
product and starting materials. 

Suitable catalysts for tiae hydrosilation reaction are platinuni black, platinum metal on 
various solid supports (e.g., carbon), chloroplatinic acid, alcohol solutions of chloroplatinic 

10 acid, and conq>lexes of chloroplatinic acid with liquid ethylenically unsaturated compounds 
such as olefins and organopolysiloxanes containing ethylenically unsatumted hydrocarbon 
radicals bonded to silicon. Preferred catalysts include a platinum complex catalyst produced 
by reacting chloroplatinic acid and divinyltetramethyldisiloxane, prepared according to U.S. 
Patent No. 3,419,593 to Willing and a neutralized complex of platinous chloride and 

15 divinyltetramethyldisiloxane, prepared according to U.S. Patent No. 5,175,325 to Brown et al. 
Most preferably, this catalyst is a neutralized complex of platinous chloride and 
divinyltetramethyldisiloxane. For this synthesis, the hydrosilation catalyst is generally 
employed at a level equivalent to a platinum concentration of from 0. 1 to 1 ,000 parts by 
weight of platinum metal, preferably from to 1 to 1 00 parts by weight of platinum metal, per 

20 million weight parts (ppm) of &e unsaturated component (iii). 

After the hydrosilation reaction is carried out, synthesis of the initiator according to 
the present invention may be completed by hydrohalogenating structure (v). This reaction is 
again illustrated for the case in which R' is -CH2CH(Me> and Y is CI: 




Me 



+ HCl 




R 



25 



(vi) 
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wherein R, R", X and n have their previously defined meanings. In the above 
hydrohalogenation reaction, the acid is typically added in excess. 

Alternatively, the mitiator may be prepared by a conventional Orignaid synthesis (e.g., 
dicumyl chloride can be reacted with Mg followed by reaction witii MeSiCl3). 

The styryl comonomer (C) has the formula 

xr-si-R--[| J 

(vU) 

wherein R^ X and n are as defined above for component (B) and wliereui each may be the 
same or different fix>m the corresponding selection ia (B). In formula (vii), R*^ is a divalent, 
non-aromatic hydrocarbon group having 2 to 6 carbon atoms. Again« the moieties attached to • 
the benzene ring of formula (vii) may be in ortho, meta or para positions with respect to one 
another, fiie latter two isomers being preferred. It is preferred that R" is selected from methyl, 
ethyl or phenyl, X is chlorine, and n is 2 or 3. A particularly preferred styiyl comonomer has 
the formula 



Y^3.n 




CI— Si CH^ 



wherein n is 2 or 3. 

The styryl comonomer (C) is known in the art and may be prepared by a hydrosilation 
reaction between a vinylalkenyl benzene and the corresponding halosilane ui the presence of a 
platinum catalyst followed by separation by distillation* 

The Lewis acid, employed as a co-initiator in the present method, is of the type known 
to catalyze cationic living polymerization. Examples of such Lewis acids include BZ3, TiZ^, 

AIZ3, SnZ^ and ZpZ^, inter alia, wherem Z is independentiy selected firom the groiip 

consisting of halogen, alkoxy having 1 to 4 carbon atoms and alkyl having 1 to 4 carbon 
atoms. Preferably Z is halogen, most preferably chlorine. Of course, those skilled in the art 
will recognize that a compound such as TiZ^ in which all of the Z groups are alkyl groups is 

not a useful catalyst for cationic living polymerization and such compounds are not 
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contemplated herein. The interested reader is referred to the article by Matyjaszewski and 
Pu^ in Cationic Polymerization Mechanism, Synthesis ondApplicationSy Matyjaszewski, 
Ed.; Marcel ioekker, New York (1996), for a review of suitable Lewis acids. Preferably, the 
Lewis acid is selected fix>m TiCl4, BCI3, Me2AlCl and Me2BCL 

5 In order to prepare a virtually telechelic, silyl-fanctional polyisobutylene of the 

invention, components (A) through (C) are reacted m the presence of the Lewis acid, the 
reaction bemg carried out either ma sequential mamier or ma random xnann^^ Fortibie 
purposes of the present mvention, the term "virtually telechelic" denotes apolymer wherem 
the functional sUyl gro\q)S do not necessarily reside at both terminal positions, as would be 

10 the case for a truly telechelic system. Rather, a functional silyl group derived iBpom initiator 
(B) is located at a first terminal position (head) while, on avemge, a functional silyl group 
derived from comonomer (C) resides at or near the second terminal position (tail). Thus, the 
fvinctibnal silyl group derived from comonomer (C) may be truly terminal or it may be, e.g., 
in a penultimate position or in a third, fourth or fifih position from the second terminus. 

1 5 Further, two or more of the latter functional units may congregate near the second terminus, 
this being controlled by the amount of component (C) used, as determined by routine 
experimentatiozL 

In a first embodiment (sequential copolymaization mode), a monomer consisting 
essentially of isobutylene is polymerized with initiator (B) in the presence of a Lewis acid 

20 under a dry, inert atmosphere to provide a living cationic system. A Lewis base, such as 

pyridine or its derivatives, such as 2,6-ditert-butyl-pyridine (DTBP) or lutf dine, is preferably 
mcluded in this polymerization reaction in order to prevent initiation by protic impurities. 
Such cationic living polymerizations are well known in the art, including typical reaction 
conditions and proportions of the monomer, initiator, Lewis acid, ete. This polymerization is 

25 preferably run in a dry organic solvent solution (e.g., hexane, methylene chloride, methyl 
chloride, toluene, and combinations thereof). Of course, these conditions will vary accordmg 
to the particular ingredients under consideration and optimization of conditions and 
proportions needed to obtain a particular living polymer having a desired molecular weight 
can be achieved through routine experimentation by those skilled in the art. For example, the 

30 interested reader is directed to the ch£q)ter by Sawamoto m Cationic Polymerization 

Mechanism, Synthesis and Applications, MaQjaszewski, Ed.; Marcel Dekker, New York 



7 
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(1996) and the text by Kennedy and Ivan entitled Designed Polymers by Carbocationic 
Macromoleadar Engineering: Theory and Practice published by Hanser (1992). 

When the above described polymerization procedure is deemed complete, preferably 
when monomer conversion is at least 98%, the resulting living polymer 
S is further reacted with styrylcomonomer(C). Component (C) is preferably employed at a 
level of 1 to 20 times the molar concentration of initiator (B), more preferably 3 to 8 times the 
latter concentration. This reaction is preferably carried out at suxulartenq)^^ 
similar solvent environment as described in connection with the preparation of the living 
polymer. The product of this sequential copolymerization is a virtually telechelic polymer 
10 having a halosilyl^ontaining group of the formula 




(ix) 

derived ftom initiator (B) at one terminus (head) and a halosilyl-containing group of the 
formula 

\ 

X,— Si-R"-jf I 

^^^^^^ (X) 
15 at, or near, the other terminal position (tail), wherem R, R?, R", R"*, X and n are as defined 
above. 

In a preferred version of the first embodiment, a monomer of substantially pure 
isobutylene is reacted with an initiator according to formula (ii) in the presence of TiCl4. 
This reaction is carried out in a solvent, preferably a combination of methyl chloride and 
20 hexanes in a volume ratio of about 60/40 to 40/60, as well as in the presence of a Lewis base, 
such as DTBP, under dry conditions and at a temperature of -lOO^C to 0^>C , preferably - 
80OC to -^O^C . Preferably, the order of addition is solvent, Lewis base, Lewis acid, mitiator 
and monomer. The concentrations of the mitiator and TiCl^ are preferably about 10'^ to 10"^ 

molar (M) and 10-3 to 1 o-2j^, respectively, based on the total solution, while the molar 
25 content of DTBP is adjusted to be equal to or greatpr than that of any protic impurity. After 
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the above living polymerizadon is essentially complete, the comonomer accordiDg to formula 
(viii) is preferably added at a level of about 1.5 to 10 times that of the initiator and allowed to 
react for aperiod of about 1 to 2 hours. 

la a second embodiment (random copolymerization mode), a monomer consisting 

S essentially of isobutylene monomer, initiator (B) and styryl comonomer (C) are reacted 
together in the presence of a Lewis acid to provide the virtually telechelic polymer. In this 
case, the lesulting polymer is less "telechelic" in that functional silyl groups derived fiom 
comonomer (C) are less likely to reside as close to the tail as m the first embodunent The 
proportions of the components, reaction tonpoBtures and preferred values enqployed in this 

10 embodiment are essentiaUy identical with those described in connection wi^ ' 
mode, supra. However, in this case, components (A) througji (C) are first mixed, preferably 
in solution, and the Lewis acid is then added to start the polymerization. This random . 
copolymerization mode is preferred in view of its simplicity, even though it does not result in 
a product which is as close to telechelic as prepared by the sequential mode. 

15 In the instant method, whether sequential or random, the halosilyl functionality of the 

product polymers is preferably converted to alkoxysilyl by reacting the polymer with an 
alcohol. During such an alcoholysis, the halogen groups on silicon are replaced by the 
corresponding alkoxy functionality. This reaction must be conducted under dry conditions so 
as not to prematurely hydrolyze either halogen or alkoxy groups. Typically, the reaction is 

20 carried out by adding the alcohol, which preferably has 1 to 4 carbon atoms, to the above 

described halosilyl-functional polymer solution at -80 to 60^C, an excess of 500 to 2,000% of 
the alcohol over the stoichiometric amount being preferred. The final alkoxysily-functional 
polymer may then be isolated fix>m the reaction solution by conventioiud means, such as 
precipitation with a non-solvent. 

25 The reactive silyl-fimctional virtually telechdic polymers of the present invention can 

be cured by exposure to moisture and can therefore be employed as base polymers m the 
formulation of sealants, adhesives and coatings when combined with the appropriate filler, 
plasticizers and catalysts, inter alia. Those skilled in the art wUl, of course, appreciate that at 
least one crosslinker would be necessary to obtain a cured system when there is only one 

30 reactive group on silicon (e.g., when n = 1 in formulas ix and x). When cured, these 

formulated compositions can be used as form-in-place gaskets, seals for insulating glass, and 
the like. 
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EXAMPLES 

The foUowing examples aie presented to fuither iUus^ 
invention, but are not to be construed as linuting the invention. All parts and pe3:centage3 in 
tile examples are on a weight basis and all measurements were obtained at room temperature 
(£9>proxiinately20^Q unless indicated to the contrary. 

Example 1: Preparation of 3*(l-dichIoromediybifyl-2-propyI)eamyl diloride (DPCQ 

A 2S0 ml three neck round bottom reaction flask equipped with a tfiermometer, a 
condenser^ a magnetic stirring bar, an addition funnel and argon gas inlet was charged with 60 
ml of 1 ,3-diisopropenylbenzene (0.3S mole). This was followed by the addition (under argon) 
of 0.2 ml of a 10% solution of a platinum divinyldisiloxane complex in hexanes. This complex 
was SIP 6830.0 obtained fiom Gelest (Tullytown, PA) and contained 3-3.5% Pt in vinyl 
terminated polydimethylsiloxdne. After injection of the catalyst, the argon inlet was replaced by 
a drying tube that contained Drierite™. 

The reaction flask was warmed to 40^C in an oil bath and a dropwise feed of 
CH3Cl2SiH (30 ml; 0.29 mole) jfrom the addition funnel was started. The reaction ^ 

temperature was kept between 40®C and 50^C during feeding by adjusting the rate of 
addition of CH3Cl2SiH and heat to the oil bath. After the addition, the temperature was kept 
at the above level for another 3 hours. 

The flask was allowed to cool to room temperature and the addition funnel, the drying 
tube and the thermometer were removed and the condenser was replaced by a distillation head 
and argon inlet. Excess 1,3-diisopropenylbenzene was distilled out, followed by the 
distillation of the expected material l-isopropenyl-3-(l-dichloromethyl-silylmethyl)ethyl- 
benzene (JDEB) 

ye 

Clj— Si CH2C 

the structure of which was confirmed by NMR (nuclear magnetic resonance). 

The above prepared IDEB (5 ml) was dissolved in 1 00 ml of dried and distilled 
CH2CI2 and cooled to O^C. Dry HCl, generated by the reaction of NaCl and H2SO4, was 
bubbled through the solution for 5 hours. The solution was allowed to warm to room 




10 
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tenqierature and excess HCl was allowed to escape. Most of the solvent was evaporated on a 
Rotavap™ and the last traces were removed by attaching a vacuum pump. Characterization 
by NMR spectroscopy confirmed quantitative hydrochlorination to yield 3-(l- 
dichloromethylsilyl-2-propyl)cumyi chloride (DPCC) having the structure 




Example 2: Preparation of (2-dichloromethylsayl-ethyI)styrene ODSiSt) 

A 500 ml three-neck, round bottom flask equipped with a magnetic stirrer, a 
condenser and an addition funnel was charged with 60 ml (0.337 mole) of divinylbenzene 

10 (Aldrich Chemical Co., Milwaukee, WI; # 41 ,456-5; mixture of 80% m- and p- isomers and 
containing 20% ethylvinylbenzene) under an argon atmosphere and at room temperature 
(RT). While stirring, 200 ml of distilled and dried hexanes were added followed by 0.5 ml of 
the above described platinum catalyst solution (#SIP6830.0 from Gelest). 
Dichloromethylsilane (39.0 ml; 0.371 mole) was placed in the addition funnel, the argon 

15 supply was disnq)ted and a drying tube was attached to the system. The dichloromethylsilane 
was added dropwise at room temperature and the reaction was monitored by NMR 
spectroscopy. After 48 hours, it was determined that hydrosiladon was complete and the 
addition funnel and condenser were replaced by a distillation head and the crude product was 
purified by Sectional distillation. The desfaed product was obtained as a mixture, 77% thereof 

20 corresponding to a combination of meta- and para- 

(2-dichloromethylsilyl-ethyl)-styrene (DSiSt) of the formula 

Ck-Si C%C— ff^^ 

Hj || ^J-CH=CH2 

25 and 23% of the by-product (2-dichloromethylsilyl-ethyl)-ethyl-benzene. 

Example 3: Seqaential polymerization of isobutylene (IB) using DPCC initiator and 
DSiSt comonomer 
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A 250 ml reaction flask equipped witii an overhead stirrer was charged witii 1 6.7 ml 
of hexanes measured at RT and the contents cooled to While stirring, 23.6 ml of 

CH3CI was added followed by the addition of a cold solution (-SO^C) of 0.06 ml of 2,6- 
ditert-butyl-pyridine (DTBP) in 10 ml hexanes (measured at RT). A solution of 0.78 ml of 
5 TiCl4 in 1 0 ml hexanes (RT) and 1 0 CH3CI was then added and allowed to mix for S 
minutes (added at -80^C). A cold soli^n (-SO^'C) of the initiator DPCC piepared in 
Example 1 (0^529 g m20 ml hexanes measured at RT) was introduced followed by the 
immediate addition of 4.9 ml of IB. Total volume for IB polymerization was 89.3 ml (at - 
SO^^C). The molar concentrations of the reactants were as follows (based on the total 
10 solution): 

DPCC = 2.0x10-2 M; DTBP « 3x10-3 M; IB « 0.71 M; TiCl4 « 8x10-2 M 

After 40 minutes of polymerizalion at -SO^'C, 20 ml of the above mixture was 
transferred to each of four culture tubes. A stock solution of the DSiSt was prepared by 
mixing 1.82 ml of the 77% DSiSt obtain^ in Example 2 with 5.6 mil hexanes at room 
1 5 temperature and 3.4 ml of CH3CI (-SO^^C) was added to each culture tube, as shown in Table 
1 , to provide tiie indicated final concentrations of DSiSt isomers. 

Table 1 

Tube DSiSt stock soln. added Concentration of DSiSt 

20 Tube#l none (control) 0 

Tube #2 1.0 ml 3.0x10-2m 
Tube #3 2.0 ml 6.0x10"2m 
Tube #4 3.0 ml 9.0x10-2m 

25 Tube #1 served as the control and the contents thereof were quenched with excess dry 
methanol while tubes #3 and #4 were allowed to react for an additional hour after the 
introduction of the DSiSt These samples were then also quenched with excess methanol and 
the resulting methoxysilyl-functional polymers were isolated by precipitation from 
hexanes/methanol (1.0:1.5 ratio),under nitrogen. Analysis by NMR indicated close to 

30 quantitative (i.e., >80%) capping of the PIB cham ends was achieved for tube #4, wherein the 
DSiSt concentration was 4.5 time that of the DPCC. This polymer had a number average 
molecular weight (^^ of 2,600 (Gd Permeation Chronmtography using unive 
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calibration) and a small amount of PIB-chloride chain ends (i.e., -CH2C(Me3)2Cl ends; peak 
at 2.0 ppm) vm still observed in the NMR spectrum. The NMR spectrum further showed that 
more than 80% of the polyisobutylene chain ends were capped vfbsax the concentration of 
DSiSt was 9.0xl0"2 M (tube #4), while somewhat lower capping was observed for tubes H2 

5 and #3 (about 60% capping). 

Example 4: Random copolymerization of IB and DSiSt initiated by DPCC 
Each of four culture tubes was charged with 93 ml of hexanes and 5.6 ml of CH3CI. One 
(1.0) ml of a stock solution prepared by dissolving 0.13 ml of DTBP in 1 1.2 ml of hexanes 
was added. This was followed by the addition of 2.0 ml of a solution of DPCC (0.5534 g in 

10 4.5 ml hexanes and 4.5 ml CH3CI). IB (1.1 ml) was delivered to each culture tube (all 

measured at -80^C). A set quantity of a stock solution, prepared by dissolving 1 .82 ml of Ihe 
77% DSiSt obtained in Example 2 in 8.4 ml of CH3CI, was delivered to the culture tubes, as 

indicated in Table 2. 
15 Table 2 

Tube DSiSt stock sola, added Concentration of DSiSt 

Tube #1 none (control) 0 

Tube #2 I.Oml 3.0x10-2m 

Tube #3 2.0 ml 6.0x10-2m 

20 Tube #4 3.0 ml 9.0x10-2m 

The polymerizations were started by the addition of 2.0 ml of a stock solution prepared by 
mixing 1.76 ml of TiCl4 with 9.5 ml of hexanes and 10 ml of CH3CI. Polymerization time 

was 2 hours at -80^C in each case and the final concentrations of reactants during 
25 polymerization were as follows: DPCC = !2.0xl0-2 M; DTBP = 3x10-3 M; IB = 0.71 M; 
TiCl4 = 8xl0"2 M. The resulting SiCl-functional polymers were cpienched with excess dry 

methanol, isolated and purified by re-precipitation from hexanes/methanol (1 .0: 1.5 ratio) to 
form the corresponding methoxy-fiinctional polymers . The control (tube #1) resulted in 
Mij=2,900 and quantitative conversion of both monomers (i.e., the IB and the DSiSt) was 

30 observed vnHoan 2 hours in each case. The NMR spectrum of the polymer obtained m tube 
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#2, wherein the concentration of DSiSt was 1 .5 time that of the DPCC, clearly indicated that 
the tecixiiiial and/or tilie penultinmte unit of the pol}me^ 
comonomer DSiSt since PIB-chloride chain ends 
(i.e., -CW2C(Me2)Cl) were not detected. 

5 Examples: Crosslinking of the random copolymer of Example 

Mo a 20 ml vial there was placed 0.33SS g of the methoxy-iunctional polymer 
prepared in Example 4 (tube #4) and 1 drop ofwater was added and stirred therein. 
An organotin catalyst (0.0412 g of tin(II>-2-ethylhexanoate) was added and mixed in to give a 
white mass that was allowed to stand for 72 hours. Twenty ml of hexanes was added and the 

10 vial was closed and the contents stirred magnetically^lbr 45 hours. The contents of the vial 
were filtered and the filtrate evaporated on a Rotavap™, vrtiereupon 0.0187 g of material 
representing 5.5% of the total, was extracted, indicating that cure had taken place. NMR 
characterization of the extract revealed that it contained 98.5% catalyst and only 1.5% 
polyisobutylene for which no chain ends could be identified. 
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THAT WHICH IS CLAIMED IS: 

1. AmethodforpreparingavirtaaUytdecheUcsayl-to 

mefhod comprising reacting, in the presence of a Lewis acid, 

(A) a monomer consisting essentially of isobutylene; 

(B) an initiator of tiie formida 




X„ Si-R' 

;and 

(C) a styryl comonomer of the formula 




wherein R is selected from H or mefliyl group, R is a divalent non-aromatic hydrocarbon 
1 0 group having 1 to 6 caihon atoms, R" is independentiy selected from alkyl groups having 1 to 
10 carbon atoms or aryl groups having 6 to 10 carbon atoms, R"* is a divalent non-aromatic 
hydrocarbon group having 2 to 6 carbon atoms, X is independently a halogen group, Y is 
halogen and n is independently 1 , 2 or 3. 

2. The method accordmg to claim 1, wherein the reaction takes place in the presence of 

15 an organic solvent. 

3. The method according to claim 2, wherein said initiator has the formula 

Me3.n Me 
CI— Si CH^-C 

m v^^ch Me is methyl and n is 1, 2 or 3. 

4. The method according to claim 2, wherem said styryl comonomer has the formula 



20 





ci;r-si CHr-c 

in which Me is methyl and n is 1, 2 or 3. 

5. The method according to claim 2, wherein said Lewis acid is TiCl4. 

— 15 
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6. The method according to claim 2, further comprising reacting said virtually telechelic 
silyl-functional polyisobutylene with an alcohol. 

7. The inethod according to claim 2, wherein said initiator has the formula 




and said s^I comonomer has the formula 




Cl^-Si 



in which Me is methyl and each n has a value of 2 or 3. 

8. The method according to claim 7, wherein said Lewis acid is TiCl4. 

9. The method according to claim 8, further comprising reacting said virtually telechelic 
1 0 silyl-fimctional polyisobutylene with methanol. 

10. The method according to claim 7, further comprising reacting said virtually telechelic 
silyl-fiinctional polyisobutylene with an alcohol having 1 to 4 carbon atoms. 

1 1. A polymer prepared according to the method of any of the preceding claims. 
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